We analyzed several natural suppressor isolates of the pKalilo-based fungal senescence syndrome of Neurospora intermedia. The pKalilo plasmid did not increase in titer in these isolates. Nor did it show integration ''de novo.'' In at least two of the senescence suppressor isolates, pKalilo had formed stable recombinants with other mitochondrial elements. pKalilo/mtDNA recombination junctions were complete and appeared to have been formed via a nonhomologous recombination mechanism. Further analysis revealed that pKalilo had recombined a novel, 2.6-kb cryptic mitochondrial retroplasmid, similar to the mitochondrial retroplasmid pTHR1 from Trichoderma harzianum and retroplasmids of the ''Varkud'' homology group. The recombinant molecules consisted of pKalilo, the novel element, and short intervening stretches of mtDNA. The latter stretches clearly corresponded to ''in vivo'' mitochondrial cDNA, suggesting that the molecules had formed via the action of a template-switching reverse transcriptase. We discuss how different types of mitochondrial plasmids interact and how their detrimental effect on the host may be suppressed.
A GING or senescence in fungi has been a longstanding matter of debate because fungi, being typical modular organisms and thus lacking a clear distinction between germ line and soma, are not expected to age and die. Even though most fungi indeed appear to be extremely long lived, exceptions, however, exist. Cases of senescence or senescence-like phenomena have, for example, been reported within the ascomycetous genera Neurospora and Podospora (Griffiths 1992) .
Senescence in Neurospora can almost invariably be ascribed to the presence of a single mitochondrial plasmid, such as one of the linear invertron-type mitochondrial plasmids pKalilo (Bertrand et al. 1985 (Bertrand et al. , 1986 Myers et al. 1989 ) and pMaranhar (Court et al. 1991) or one of the circular mitochondrial retroplasmids pVarkud and pMauriceville (Akins et al. 1989) . These plasmids are all able to integrate into the mitochondrial genome of their hosts and interfere with mitochondrial function, which is allegedly the cause of death of the cultures that carry them. Often they are found close to or within the genes encoding the mitochondrial rRNAs (Bertrand et al. 1985; Bertrand and Griffiths 1989; Myers et al. 1989; Chiang et al. 1994 ; M. F. P. M. Maas, unpublished results). The invertron-type plasmids allegedly integrate via short DNA sequence homology (SSH) with the mitochondrial target site, whereas the retroplasmids integrate via a reverse transcription step. pVarkud and pMauricevile both contain an open reading frame (ORF) encoding a reverse transcriptase (RT) that can generate hybrid mitochondrial cDNA via RNA template switching. Following hybrid cDNA formation, the latter plasmids may integrate via homologous recombination (Chiang et al. 1994) .
Little is known about suppressors of ''plasmid-based'' senescence in Neurospora. On the basis of the analogy with senescence in Podospora anserina, one might expect that modifications of the respiratory chain would act as suppressors of senescence (Dufour and Larsson 2004) . Thus far, however, there is no evidence to support this. In the case of pKalilo, there are reports of nuclearencoded suppressors: In octads collected from crosses between senescing and nonsenescing laboratory strains of Neurospora, several cases were found in which senescence and ''immortality'' segregated in a fourto-four ratio . In one case the titer of pKalilo was reduced to barely detectable levels, whereas in another case the titer of this plasmid was high but stable and associated with copies of the plasmid integrated into the mitochondrial chromosome. These nuclear-encoded suppressors of pKalilo-based senescence were not characterized any further. A search for suppressors among natural Neurospora isolates was purportedly unsuccessful (Debets et al. 1995) . In the latter search, however, not every pKalilo-carrying isolate senesced, and suppressors may hence have been present.
Recently, we resampled the natural Hawaiian population of Neurospora intermedia (Maas et al. 2005) . Again several pKalilo-carrying isolates did not senesce. We analyzed these isolates. The ability to tolerate the plasmid was maternally inherited, indicating a cytoplasmic origin of this trait. Long-lived strains were characterized by a stable plasmid titer and lacked ''de novo'' integration events. In at least two of them, stably ''integrated'' or recombinant plasmid copies were present. Using a ''plasmidtagging'' method based on the semirandom two-step (ST-PCR) procedure described by Chun et al. (1997) , we analyzed the sequences flanking these copies. As opposed to those from short-lived isolates, integrated or recombinant copies from long-lived isolates were complete and showed no evidence of a recombination process involving short DNA sequence homology. Additional analysis of the flanking sequences revealed the presence of a cryptic mitochondrial retroplasmid. This element was present in all five suppressor isolates. In at least two of the five, it had recombined with the pKalilo plasmid and the mitochondrial genome, apparently involving a template-switching reverse transcriptase. We discuss a mechanism by which different types of mitochondrial plasmids may interact and their detrimental effect on the host can be suppressed.
MATERIALS AND METHODS
Isolates and culturing methods: Isolates were from a recent collection of Hawaiian N. intermedia wild types (Maas et al. 2005) . Contrary to expectation, five pKalilo-carrying isolates from this collection did not appear to senesce. We reciprocally crossed these five with short-lived pKalilo-carrying isolates from the same collection. Long-lived isolates NI05.01, NI15.02, and NI28.01, of mating-type a, were each crossed with shortlived natural isolate NI16.07, of mating-type A. Long-lived isolates NI30.04 and NI31.02, of mating-type A, were each crossed with short-lived isolate NI16.04, of mating-type a. Crosses were done at 25°, on Westergaard's medium (WM), according to the protocol given by Davis and de Serres (1970) . From each cross, perithecia were dissected to collect asci. Of each complete eight-spored ascus every individual spore was collected and allowed to ripen for 1 week on Vogel's minimal medium (VMM), after which germination was induced by a 30-min heat shock at 60°. Senescence was routinely tested by serially subculturing the isolates at 25°, on VMM, as previously described by Griffiths and Bertrand (1984) . Growth rates were tested on VMM using glass ''race tubes.'' DNA extraction and Southern analysis: For DNA extraction, cultures were grown in liquid VMM for $24 hr at 25°. Mycelium was harvested, dried between filter paper, and ground using liquid nitrogen, followed by a standard phenol/chloroform-based DNA extraction (Sambrook et al. 1989) . Prior to the addition of phenol and chloroform, samples were incubated for 1 hr at 37°with proteinase-K (100 mg/ml final concentration), except those to be used in a ST-PCR (see further on).
For Southern analysis, total DNA was digested using PstI, MvnI, or both, separated, and blotted onto positively charged nylon membranes (Sambrook et al. 1989) . Blots were probed with the 8.2-kb KpnI fragment of the prototypic pKalilo plasmid (Vickery and Griffiths 1993) , labeled using Digoxigenin-11-dUTP (DIG-dUTP). Detection was done using the chemiluminescent substrate CSPD according to the manufacturer's instructions (Boehringer Mannheim, Indianapolis).
ST-PCR-based amplification of plasmid flanking sequences: To amplify pKalilo flanking sequences from senescent and long-lived isolates, a plasmid-tagging approach was used on the basis of the ST-PCR procedure given by Chun et al. (1997) . ST-PCR consists of a touchdown PCR to generate fragments incorporating a certain adaptor sequence, followed by a regular PCR to specifically amplify the fragments containing the plasmid flanking sequences. The first step was done using a primer located within the terminal inverted repeat (TIR) region of the plasmid (primer 1.1: 59-GAAATGATAAAAAGATC ACAAAGGG-39), in combination with the partially degenerate primer given in the original protocol (primer 1.2: 59-GGCCACGCGTCGGACTAGTAC-N (10) -GATAT-39). The latter anneals at sites throughout the mitochondrial genome, $300 bp apart. It is distributed uniformly throughout the mitochondrial genome, and thus the method provides an unbiased way of amplifying plasmid flanking sequences. The following step was done using a second primer located within the TIR region of the plasmid (primer 2.1: 59-GGGTTAAAATAGGAA CAAAAGGGG-39), in combination with a primer comprising the specific part of the partially degenerate primer (primer 2.2: 59-GGCCACGCGTCGGACTAGTAC-39). The method is illustrated in Figure 1 . Reaction conditions are given in Table 1 .
The ST-PCR products thus obtained were gel purified using a High Pure PCR product purification kit (Roche, Indianapolis) and cloned in Escherichia coli DH5-a using the pGEM-T Easy Vector system (Promega, Madison, WI). Plasmid DNA was recovered using a High Pure plasmid isolation kit (Roche) and sequencing was done according to the methods described by Sanger (1977) , using Big Dye terminators version 3 (Applied Biosystems, Foster City, CA). We compared the sequences obtained with sequences from the GenBank database using BLAST version 2.2.9 (Altschul et al. 1997) .
Test for the retroelement in other isolates: To test other N. intermedia wild types for the presence of the novel mitochondrial retroelement, PCRs were done using primers located In the first step (using primers 1.1 and 1.2), fragments are generated by means of a touchdown PCR, thus incorporating a specific ''adaptor'' sequence. In the second step (using primers 2.1 and 2.2), the flanking sequences are specifically amplified.
within the putative RT gene of the element: 59-TAACT TAACCGCCAACGTAT-39 and 59-GACCCCTTTCTTCCAGTT TAT-39. These were based on the sequence derived from isolate NI28.01 and yield a PCR product size of 341 bp.
RESULTS
The natural population of N. intermedia contains maternally inherited suppressors of pKalilo-based senescence: We recently screened the natural population of N. intermedia for pKalilo homologs (Maas et al. 2005) . Sixty-four novel isolates were collected, 30 of which carried a pKalilo homolog. Unexpectedly, 5 of these latter 30 isolates did not senesce within the time frame of the experiment: Whereas pKalilo homologcarrying isolates normally senesced within 2 or 3 weeks, these 5 lasted for at least 4 or 5 months without any signs of senescence. To determine whether this longevity trait would be stably inherited and if so, whether it would be of nuclear or cytoplasmic origin, we used ordered octad analysis.
The long-lived isolates were reciprocally crossed with short-lived ones from the same collection. Three of five long-lived natural isolates (NI15.02, NI28.01, and NI30.04) produced viable progeny when crossed with a wild-type isolate of the opposite mating type. The other two (NI05.01 and NI31.02) produced viable ascospores only when used as a male. Infertility also commonly occurred in crosses using random combinations of shortlived isolates. It is hence not necessarily associated with the longevity trait, but perhaps due to a general form of sexual incompatibility. Growth rates of short-and long-lived isolates did not significantly differ from one another (ANOVA:
From each fertile cross two complete, eight-spored asci were collected. Cultures derived from the eight spores of each of these asci were individually tested for senescence by means of serial subculturing. For practical reasons the experiment was terminated after 30 vegetative subcultures (equivalent to $10 weeks) and longevity is here henceforth defined as having a ''life span'' of .30 subcultures. Results are given in Table 2 . Although life span had a clear Mendelian component (e.g., as observed in the second ascus from the cross using NI16.04 as a female and NI30.04 as a male; Table 2), the longevity trait itself (i.e., having a life span of . 30   TABLE 1 ST-PCR conditions
Step 1
Step 2 1 irst, a touchdown PCR was done (step 1). The products of this reaction were 10-fold diluted and used as template in a second, regular PCR (step 2). One vegetative subculture corresponds to $2 or 3 days.
subcultures) showed a clear pattern of maternal inheritance: When a long-lived isolate was used as a female, all eight cultures derived from an ascus were long lived; when the same isolate was used as a male, all eight were short lived. Although isolates NI05.01 and NI31.02 were female sterile, the longevity trait of these two isolates was not inherited paternally. We therefore concluded that the longevity trait was of a cytoplasmic origin.
Although the trait could in principle correspond to differences within the pKalilo sequences themselves, this is unlikely: Plasmids from short-and long-lived isolates did not show sequence variation even within the most variable part of the TIR region (Maas et al. 2005) . Therefore, we assumed that the suppression of pKalilobased senescence was caused by another cytoplasmic factor.
Senescence suppressor isolates have stable plasmid titers and are not subject to de novo integration events: In senescing isolates, pKalilo typically increases in titer and integrates into the mitochondrial genome. In longlived isolates, however, this was not the case. In longlived isolates the plasmids neither increased in titer nor integrated de novo into the mitochondrial genome (a typical example is given in Figure 2) . In strain NI05.01
we were able to detect, by Southern analysis, also a stably integrated or recombinant copy of the plasmid. This copy was already present in the first subculture and remained stable for at least 30 subcultures. It was also stable in the sexual cycle (and thus cosegregated with the senescence suppression trait). In the four other long-lived strains we were unable to detect, at least by Southern analysis, stably integrated copies. As discussed below, however, this was possible by PCR-based methods, at least in isolate NI28.01. In contrast to senescing isolates, senescence suppressor isolates hence have stable plasmid titers and are not subject to de novo integration events.
pKalilo/mtDNA junctions from senescence suppressor isolates arose via a nonhomologous recombination mechanism: We tested for and sequenced integrated plasmid copies, using ST-PCR-based plasmid tagging as described in materials and methods. In senescent cultures of short-lived isolates integrated copies could readily be found. In long-lived isolates, they were found in NI05.01 and in NI28.01 only. Sequences flanking recombination junctions are given in Table 3. pKalilo allegedly integrates via a mechanism that involves SSH . The termini of integrated copies typically show homology to 
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Within cryptic retroelement NA NI28.01 LL All correspond to 39 junctions. In the left column an alignment is given of the recombinant sequences with the corresponding wild-type mtDNA regions. Parts derived from the pKalilo terminus are indicated in italics, with possible homology to the target sequence in boldface type. Note that ''integrated'' copies of pKalilo were complete (case 6) or overcomplete (cases 4 and 5) in the long-lived strains, whereas they were incomplete (cases 1-3) in the short-lived strains. Also note the PstI palindrome at the recombination junction of the top sequence (underlined). Where possible, positions are indicated referring to those within the mitochondrial genome sequence of standard laboratory Neurospora crassa 74-0R23-1A (Whitehead Institute/MIT Center for Genome Research). the target site. Concomitantly, they are often incomplete. This was, however, not the case in long-lived isolates. The termini of integrated plasmids were complete or even overcomplete in the long-lived isolates, and they did not show clear homology to the sequences they had recombined with. We therefore concluded that pKalilo homologs from the long-lived strains must have recombined with the mitochondrial sequences by a different, nonhomologous mode. Senescence suppressor isolates NI05.01 and NI28.01 contain hybrid mitochondrial plasmids: The RFLP data indicated inverted repeats adjacent to the integrated plasmid from NI05.01. ST-PCRs yielded a single product (see Table 3 ), which is consistent with this. Sequencing revealed that the plasmid from isolate NI05.01 was directly flanked by a short (65 bp) region of mtDNA corresponding to a region between the nd5 and cob genes (corresponding to 32,734-32,798 of the mitochondrial genome sequence of N. crassa strain 74-OR23-1A; Whitehead Institute/MIT Center for Genome Research), directly followed by an unknown sequence containing a large ORF (orf1) encoding a putative reverse transcriptase (Figure 2) .
We found similarly organized sequences in isolate NI28.01. Because these were not visible on Southern blots and could be found only using PCR experiments, it must mean that they were present at a substoichiometric level. Like that from NI05.01, the recombinant or integrated pKalilo homolog from isolate NI28.01 was directly flanked by a short region of mtDNA, this time corresponding to a cDNA copy of trna-arg (including the post-transcriptionally added 39-terminal CCA sequence) followed by the 59 terminus of the rns gene (encoding the small subunit mitochondrial rRNA). These sequences in turn were followed by a sequence as in isolate NI05.01 (see Figure 2) . The latter sequence again contained a large ORF encoding a putative reverse transcriptase. Additional PCRs and sequencing showed that the entire molecule mapped as a circular element composed of pKalilo, mtDNA, and a novel element. Derivatives hereof also existed, with the pKalilo sequence nearly entirely deleted (Figure 3) .
In short, isolates NI05.01 and NI28.01 carry hybrid sequences composed of pKalilo, a short stretch of mtDNA, and a novel mitochondrial retroelement. As discussed below, this retroelement corresponds to a novel, cryptic mitochondrial retroplasmid.
The novel element is a cryptic mitochondrial retroplasmid: The novel element has an AT-biased ($60% AT) nucleotide content and is maternally inherited (hence cosegregating with the senescence suppression trait), consistent with its mitochondrial location. Although it does not share significant DNA sequence homology with any currently known element, at the protein level it does: It contains a single large ORF (orf1) putatively encoding a protein with similarity to the RTs of mitochondrial retroplasmids and group II introns. It contains all the conserved domains of the RNA-dependent DNA polymerases (Poch et al. 1989; Xiong and Eickbush 1990) . The predicted 663-aa-long protein is similar to the RT of the retroplasmid pTHR1 from Trichoderma harzianum (GenBank accession no. AAF89327; Antal et al. 2002) , with 48% similarity and 35% identity over a length of 395 amino acids (E-value ¼ 4 3 10 À44 ), closely followed by the RTs of the retroplasmids pVarkud from N. intermedia and pMauriceville from N. crassa (GenBank accession nos. AAA70286 and AAA70287, respectively; Nargang 1986), with 46% similarity and 29% identity over a length of 354 aa for both RTs (E-value ¼ 1 3 10 À26 ). A protein sequence alignment is given in Figure 4 .
The replication of pVarkud and pMauriceville involves, similarly to that of many retroviruses, a tRNA-like cloverleaf structure at the 39 end of the transcript to Figure 4 .-Protein sequence alignment of the RTs encoded by pNI28.01, pTHR1, and pVarkud, indicating conserved RT motifs (boxed, A-E according to Poch et al. 1989 ; 1-7 according to Xiong and Eickbush 1990) . Sequence similarity is indicated in gray; sequence identity is indicated in black.
initiate reverse transcription. Although a similar structure can be found downstream of orf1 in NI28.01, this structure is $300 bp from the proposed 39 transcript terminus and not conserved between the element from NI05.01 and that from NI28.01. Also pTHR1 did not have a clear cloverleaf structure at its 39 terminus (Antal et al. 2002) . The retroelement thus probably corresponds to a retroplasmid that is similar in structure to the 2.6-kb pTHR1 plasmid.
We tested all of our other isolates for the presence of the novel retroelement using PCR. It was detected in all five long-lived isolates, but not in the other pKalilocarrying isolates. This suggests a meaningful correlation between the presence of the novel element and the suppression of pKalilo. The element was not found in isolates that lacked pKalilo.
Template switching was involved in the formation of the hybrid mitochondrial plasmids: Retroplasmids are able to incorporate mitochondrial sequences via the formation of hybrid cDNAs. This is also known from retroviruses and certain group II introns (Sellem et al. 2000) and probably occurs by an erroneous template switching activity of the RT they encode (Akins et al. 1989; Chiang et al. 1994; Chiang and Lambowitz 1997) . The incorporated mitochondrial sequences often correspond to mitochondrial tRNAs. This is allegedly so because of the structural similarity between the tRNAs and the 39 end of the retroplasmids' transcripts.
An incorporated copy of the trna-arg gene was found in the element from isolate NI28.01 (see Figure 3) . At the 39 border of this copy a CCA trinucleotide sequence was present. This trinucleotide is added post-transcriptionally, and the sequence must hence reflect an in vivo cDNA. Furthermore, the sequence flanking the 39 end of the trna-arg copy corresponded to the exact 59 terminus of the rns gene. This must also reflect an in vivo cDNA. Similarly, in NI05.01 a sequence was found that corresponded to the putative 59 terminus of the cob transcript. The sequence directly bordering the copy of pKalilo (Table 3 , case 4) resembles the consensus sequence of mitochondrial 59 transcript termini (Kennel and Lambowitz 1989; Kubelik et al. 1990; Arganoza and Akins 1995) . Although it is located 431 bp upstream of the 59 terminus of the cob transcript that was originally described by Kubelik et al. (1990) , it may reflect an alternative transcription initiation site.
Altogether, we show that the element found in strains NI05.01 and NI28.01 is a cryptic mitochondrial retroelement similar to the plasmids of the pVarkud group. Its putative template-switching activity probably led to the formation of the hybrid molecules observed in strains NI05.01 and NI28.01.
DISCUSSION
The fungal senescence phenomenon of P. anserina is linked to the activity of the respiratory chain: Disruption of the normal respiratory pathway results in a switch to alternative modes of respiration, with a concomitant reduction in the levels of reactive oxygen species (ROS) produced and a strikingly longer life span (Dufour et al. 2000; Dufour and Larsson 2004) . Many of the spontaneous longevity mutants that have been found in P. anserina have major deletions in the mitochondrial genome, and all suffer from a loss of female fertility, presumably due to a severe cellular energy deficit. Unlike the senescence process in Podospora, however, the senescence trait caused by pKalilo appears to be suppressed in our isolates neither at the cost of fertility nor at that of the mycelial growth rate. This should not be surprising because these were not laboratory mutants, but isolates derived from ascospores collected directly from the field (Maas et al. 2005 ) that have thus been subject to natural selection.
Although previous work did suggest pleiotropic effects of pKalilo on the reproductive fitness of its host (Bok and Griffiths 2000) , we have not been able to reproduce these results using isogenic combinations of isolates with and without pKalilo (M. F. P. M. Maas, unpublished results). Moreover, also the invertron-type plasmid pAL2-1 from P. anserina shortens life span without any notable beneficial effects on reproduction (Maas et al. 2004) . Thus there appears to be no trade-off between life span and reproduction with regard to plasmid-based senescence, contrary to expectations from evolutionary explanations of aging. Furthermore, plasmid-based senescence does not appear to respond to calorie restriction in a life-span-extending manner as it does in all other aging organisms (Maas et al. 2004) . It is thus probably best seen as a lethal disease. In any case, it is fundamentally different from the senescence phenomenon originally described by Rizet (1953) . Therefore also a different mode of suppression may be expected.
We have shown that suppression of pKalilo-based senescence, as it is found in the natural population of N. intermedia from Hawaii, is maternally inherited. Although the suppressors described by Griffiths et al. (1992) showed a clear Mendelian pattern of inheritance, the latter suppressors were derived from laboratory stocks. It is not self-evident that they would be similar to suppressors from natural populations.
We show that the senescence suppression trait is associated with a stable titer of the autonomously replicating plasmid and lack of de novo integration events. This was also the case in the suppressors described by Griffiths et al. (1992) . Short-lived isolates typically accumulated variant mtDNA molecules with pKalilo integrated into or close to one of the mitochondrial rRNA genes as was also previously observed (Bertrand et al. 1985; Bertrand and Griffiths 1989; Myers et al. 1989; Chiang et al. 1994) . This was, however, not the case in long-lived isolates. The five isolates that were able to tolerate pKalilo were all coinfected with a novel mitochondrial retroelement. In at least two of them, stable recombinants of the two heterologous plasmids were found, including short intervening stretches of sequence derived from the mitochondrial genome. The latter molecules were probably generated via hybrid cDNA formation by an erroneous template-switching activity of the RT encoded by the novel element: The intervening stretches of mtDNA in the recombinant molecules clearly reflected in vivo cDNA. Recombination via hybrid cDNA formation is also known from retroplasmids of the Varkud group (Akins et al. 1989; Chiang et al. 1994; Chiang and Lambowitz 1997) .
Although similar effects of the pTHR1 plasmid from T. harzianum have not been reported (Antal et al. 2002) , pVarkud and pMauriceville are both associated with a senescence phenotype (Akins et al. 1989) : They integrate into the mitochondrial genome, generating suppressive mtDNA variants that gradually replace the wild-type mitochondrial genome. This presumably causes senescence by interfering with mitochondrial function. The newly discovered retroelement may similarly be an unknown senescence plasmid. Testing this would require an isolate containing the retroelement but devoid of pKalilo. Unfortunately we have not yet obtained such an isolate; of the 64 natural isolates tested only the long-lived pKalilo-carrying isolates contained the element. Since the novel retroelement may be a senescence plasmid itself, our observation is puzzling. The simplest explanation would be that the element is not associated with a virulent phenotype and that this is dominant over the effect of pKalilo. Alternatively, pKalilo may be suppressed by means of interference competition with the novel element. Although parasitic virulence is generally driven by resource competition within hosts (Ebert 1998) , interference competition is believed to attenuate virulence rather than enforce it (Massey et al. 2004) . Competition for resources will generally select for a more rapid exploitation of the host. It will select for higher within-host growth rates and higher virulence. The increase in titer of pKalilo in senescing isolates seems to evidence this. Interference competition on the other hand (e.g., by integrating into the competing plasmid, thus forming a so-called ''defective interfering particle''), will lead to slower within-host growth rates and reduced virulence.
It would be interesting to experimentally test this hypothesis, by combining cytoplasms from different isolates carrying structurally similar (homologous) or different (heterologous) types of senescence plasmids (i.e., circular retroplasmids and linear invertron-type plasmids). If virulence suppression by means of interference competition is a naturally important phenomenon, the effects of most potential senescence plasmids would frequently go undetected. Many Neurospora strains contain a mix of mitochondrial plasmids and interference competition between plasmids might be at work in these strains. Heterologous types of plasmids have been found together in a single strain more than once. Interestingly, a strain of N. intermedia has been described by Griffiths and Yang (1995) , in which two heterologous types of plasmids had recombined. This strain contained five prominent mitochondrial plasmids: three of the ''zhisi'' and two of the ''harbin'' homology group. In one culture of this strain, the levels of the original plasmids dropped to undetectable levels and novel, recombinant plasmids appeared.
